Abstract: Although innate and adaptive immunity both play a role in amoebiasis, the mechanisms involved in the elimination of Entamoeba histolytica are poorly understood. To provide more information about the innate immune mechanisms that may confer protection against invasive amoebiasis, we administered inflammatory substances (bacillus Calmette-Gué-rin, lipopolysaccharide, complete Freund's adjuvant, or mineral oil) into the peritoneum of hamsters. The animals were then challenged with pathogenic trophozoites of E. histolytica and, after 7 days, the protective host response was analysed. We found that the nonspecific inflammatory response induced in the peritoneum was sufficient to prevent liver invasion by E. histolytica. In vitro experiments showed that the killing of trophozoites was mediated by peritoneal macrophages and a protein of 68 kDa with peroxidase activity.
Introduction
Entamoeba histolytica causes 2 major clinical syndromes, amoebic colitis and amoebic liver abscess (ALA), which result in 40 000 -100 000 deaths worldwide each year (Anonymous 1997; Petri and Singh 1999) . In Mexico, where amoebiasis is endemic, >8% of the population has had an episode of amoebiasis (Caballero-Salcedo et al. 1994) . The development of an effective vaccine would require a profound knowledge of the mechanisms of protective immunity against E. histolytica (Stanley 2006) .
Little is known about protective immunity to amoebiasis, but apparently both innate and acquired immune responses limit amoebic infection (Huston and Petri 1998; Seydel et al. 2000; Haque et al. 2002; Houpt et al. 2002; Asgharpour et al. 2005; Ivory et al. 2007) . Although the mechanisms of the innate immunity involved in amoebiasis are poorly understood, research has shown that innate immunity is essential for the elimination of the parasite.
The efficient innate immune response of genetically resistant individuals or species can prevent the invasion of the intestinal epithelium by E. histolytica (Seydel et al. 1997; Houpt et al. 2002) . Their ability to resist tissue invasion may be related to the following: (i) the innate capacity of neutrophils and macrophages to generate reactive oxygen intermediates (ROI) and reactive nitrogen intermediates (RNI); (ii) the expression of effector molecules, such as antimicrobial peptides, and components of the alternative and mannan-binding lectin pathways of the complement system; (iii) the production of proinflammatory or anti-in-flammatory cytokines; (iv) the activity of nonhaematopoietic cells; and (v) the generation of an effective inflammatory response that contributes to the elimination of the parasite (Seydel et al. 2000; Shibayama et al. 2000; Haque et al. 2001 Haque et al. , 2002 Duggal et al. 2004; Asgharpour et al. 2005 ; Campos-Rodriguez and Jarillo-Luna 2005; Hamano et al. 2006) .
As further evidence that innate immunity is a key factor in the elimination of the parasite, individuals who are infected with human immunodeficiency virus (HIV) frequently show asymptomatic colonization of the intestinal mucosa with E. histolytica (Reed et al. 1991; Jessurun et al. 1992) . As acquired immunity is severely impaired in HIV patients, their innate intestinal immunity is probably responsible for the success of these individuals in defending themselves against systemic invasion by E. histolytica.
Finally, humoral and cellular components of the innate immune system, such as the complement system, nitric oxide (NO), neutrophils, and macrophages, have been shown to kill trophozoites in vitro Chadee 1989a, 1989b; Lin and Chadee 1992) . The data obtained from mouse models of amoebic colitis and hepatic amoebiasis support the notion that innate immunity plays a major role in protecting against tissue invasion by E. histolytica (Velazquez et al. 1997; Seydel et al. 2000; Houpt et al. 2002; Jarillo-Luna et al. 2002) .
In this paper, the hypothesis that innate immunity is sufficient for the elimination of E. histolytica was analyzed with the model of ALA produced by the intraperitoneal (i.p.) inoculation of pathogenic trophozoites. Although the model of i.p. injection of trophozoites to induce ALA is less common than the conventional intrahepatic (i.h.) or intraportal ALA models, we chose it because it also permits the analysis of the immunological and physiological responses of the host (Gold and Keisari 1990; Shibayama et al. 1998; Tsutsumi and Shibayama 2006) . The i.p. model constitutes an easy to perform, highly reproducible procedure for inducing ALAs in hamsters (Jarumilinta 1966; Gold and Keisari 1990; Shibayama et al. 1998) , and allows a rapid and efficient isolation of peritoneal inflammatory cells and molecules so that they can be analyzed in ex vivo and in vitro experiments. It is important to mention that there are still no animal models in which cysts administered orally produce intestinal and spontaneous hepatic disease (Ackers and Mirelman 2006; Tsutsumi and Shibayama 2006) .
In this study, we analyzed the effect of nonspecifically stimulated peritoneal exudate on the production of ALA, and examined some of the possible components of the peritoneal exudate responsible for the destruction of amoebas. We found that the induced innate response was sufficient to prevent tissue invasion by E. histolytica. More specifically, a protein of 68 kDa was identified as having peroxidase and marked amoebicidal activity.
Materials and methods

Amoebic cultures
Trophozoites of the E. histolytica strain HMI:IMSS were maintained axenically in BI-S33 medium, as described elsewhere (Diamond et al. 1978) . The strain was subsequently cloned and passaged 3 times in hamster liver to increase its virulence. The inoculum was prepared from amoebic cultures at 72 h, when they were in the logarithmic growth phase.
Animals and production of ALAs
Male adult golden hamsters (Mesocricetus auratus (Waterhouse, 1839)), 2 months of age and weighing approximately 100 g, were used in all the experiments. The use and experimentation to which they were subjected were carried out in accordance with the institutional animal care committee (IACUC, ID No. 244/05, Mexico) . Groups of hamsters (n = 6) were challenged by the i.h. or i.p. route with 1.25 Â 10 5 and 2 Â 10 6 trophozoites, respectively, as described elsewhere (Tsutsumi et al. 1984; Shibayama et al. 1998) . Seven days after inoculation, the animals were euthanized with an i.p. injection of sodium pentobarbital (10 mg / 100 g body weight). To determine the percentage of liver tissue involved in the lesion, the abscess was dissected from the liver, and the mass of the abscess was divided by the mass of the whole liver and multiplied by 100.
Determination of antibodies against E. histolytica in serum
Antibodies against E. histolytica IgG that were present in the serum of the experimental and control groups were quantified with the ELISA method, as described elsewhere (Jarillo-Luna et al. 2002) .
Administration of bacillus Calmette-Guérin and complete Freund's adjuvant
One group of hamsters was injected weekly with 0.5 mg of bacillus Calmette-Guérin (BCG; Sigma-Aldrich, St. Louis, Missouri), and another group was injected with 1 mL of complete Freund's adjuvant (CFA; 1 mg/mL of heatkilled Mycobacterium tuberculosis H37Ra). Three weeks later, the animals were challenged with 2 Â 10 6 i.p. trophozoites of E. histolytica, were euthanized 7 days later, and the ALAs were assessed.
Administration of incomplete Freund's adjuvant and sterile mineral oil
Hamsters received a single dose of either 1 mL of incomplete Freund's adjuvant (IFA) or 3 mL of mineral oil (Sigma-Aldrich). Seven days later, animals were challenged with i.p. trophozoites of E. histolytica, were euthanized 7 days later, and the ALAs were assessed.
Peritoneal exudate cell samples
Cells were harvested by peritoneal lavage with ice-cold Hanks balanced saline solution (HBSS), containing 5 U/mL heparin. Cells were collected by centrifugation and washed with ice-cold HBSS. The number of cells was counted in a hemocytometer, and viability was determined by trypan blue exclusion.
Purification of peritoneal macrophages
For the cytotoxic assay, macrophages from the peritoneal exudates of hamster treated with mineral oil were isolated by density gradient centrifugation on Percoll (Sigma-Aldrich). The osmolarity of the Percoll was adjusted to match normal physiological conditions by adding 1 mL of 10-fold concentrated HBSS to 9 mL of Percoll. This was diluted further with HBSS to give 30%, 60%, and 80% Percoll solutions, which were layered (2.5 mL each) into a 15 mL tube. The cell suspension (2 Â 10 7 to 4 Â 10 7 cells) was placed on top of the layers and centrifuged for 20 min (400g) at room temperature. The cells at each interface were collected, then washed by pelleting (5 min at 400g) 3 times (Katayama et al. 1982; Hirata et al. 1989 ). The cells were diluted to 1 Â 10 6 cells/mL HBSS, containing 2% heat-inactivated bovine serum and 5.7 mmol/L cysteine. The cells rich in macrophages were recovered from the 60%-80% interface, and their viability was 80%-90%. These cells were used immediately in the cytotoxic assay.
Cytochemical detection of trophozoites in peritoneal exudate cells
Samples of peritoneal exudate cell (PEC) suspensions (100 mL) were incubated for 1 h at room temperature with rabbit polyclonal serum, prepared in our laboratory, against E. histolytica diluted 1:200 in 0.025% PBS-Tween (PBST). Control samples were incubated with PBS alone. After incubation, the samples were washed 3 times for 5 min in PBST, and then incubated for 1 h at room temperature with peroxidase-labelled goat IgG directed against rabbit antigens (Sigma-Aldrich) diluted 1:250 in PBST. The reaction was developed using immunopure metal-enhanced diaminobenzidine (Pierce; Rockford, Illinois) for 10 min; the plates were then washed with PBS and examined using a light microscope.
Passive immunization studies
Groups of 10-12 animals were inoculated by the i.p. route with 8 mL of mineral oil (Sigma-Aldrich) or saline. Seven days after inoculation, the animals were euthanized and the peritoneal cavities of normal and mineral-oil-treated hamsters were washed with 10 mL of cold HBSS, containing 5 U/mL heparin. Cells were collected by centrifugation (400g for 10 min at room temperature), washed twice with cold HBSS, and adjusted to 4 Â 10 6 cells/mL. The supernatants were also collected and stored at -70 8C. Five millilitres of the supernatant was inoculated by the i.p. route into a group of recipient animals (n = 6). Another 2 groups of recipient animals (n = 6-8) were inoculated by the i.p. route with 1 or 3 mL of the peritoneal cell suspension, containing 4 Â 10 6 or 12 Â 10 6 cells, respectively. Next, noninoculated (control group) and recipient groups were inoculated with 2 Â 10 6 trophozoites; 7 days later the hamsters were euthanized, and the percentage of liver affected by the lesion was determined.
Cytotoxicity assay
Measurement of the in vitro cytotoxic activity of the peritoneal macrophages against E. histolytica trophozoites was carried out, as described by Ravdin et al. (1985) , with minor changes. Amoebas and peritoneal macrophages were mixed in a ratio of 1:10 in HBSS, containing 2% heat-inactivated bovine serum and 5.7 mmol/L cysteine, then centrifuged at 150g for 5 min at room temperature to promote cell to cell contact. After incubation for 1-3 h at 37 8C, the pellet was disrupted by vortexing. The number of amoebas and macrophages was counted in a hemocytometer, and their viability was determined by the trypan blue exclusion assay. Data were expressed as percentages of viable cells at each interval studied .
The in vitro cytotoxic activity of the peritoneal supernatants against E. histolytica trophozoites was assayed by incubating 100 or 500 mL aliquots of the supernatant with 5 Â 10 4 trophozoites for 3 h at 37 8C; upon completion, the viability of the amoebae was assessed by the trypan blue exclusion assay.
Amoebicidal effect of low-molecular-mass molecules
To analyse the possible amoebicidal effect of low-molecular-mass molecules in vivo, we introduced 1 Â 10 6 trophozoites in dialysis bags (10 mm; molecular mass cutoff, 12-14 kDa) that were placed in the peritoneal cavity of anaesthetized hamsters to which mineral oil had previously been administered and in control animals. After 4 h, the trophozoites inside the bags were harvested by centrifugation, and their viability was determined by the trypan blue exclusion assay. Nitrate and nitrite concentrations in the supernatant were determined using the Griess method (Green et al. 1982) .
Gel-filtration chromatography
The supernatant of the peritoneal lavage was concentrated 10 times by lyophilization, dialyzed in loading buffer (0.01 mol/L phosphate (pH 8.5) and applied to a DEAESepharose column (2.5 cm Â 48 cm). The column was eluted with a 50-500 mmol/L NaCl gradient in 0.01 mol/L phosphate (pH 8.5). Flow rate was maintained at 40 mL/h and 2 mL fractions were collected. The presence of proteins in the column effluent was monitored by UV absorbance at 280 nm. The amoebicidal activity in the different fractions (I-VII) was assayed using a trypan blue exclusion assay, and SDS-PAGE was carried out to examine their composition.
Fraction II was concentrated by lyophilization, dissolved in 2 mL of 0.01 mol/L phosphate (pH 8.5), and then applied to a Sepharose 4B-CL column (2.5 cm Â 48 cm). Flow rate was maintained at 1 mL/min and 1 mL fractions were collected. The presence of proteins in the column effluent was monitored by UV absorbance at 280 nm. The amoebicidal activity in the different fractions was assayed as before, and SDS-PAGE was carried out to examine their composition.
SDS-PAGE
The peritoneal fractions were mixed with buffer (2% SDS, 10% 0.5 mol/L Tris (pH 6.8), and glycerol) and boiled for 3 min. Twenty microlitres of the sample was electrophoresed using 10% SDS-PAGE. Gels were washed and stained with Coomassie Brilliant Blue R-250 (Bio-Rad, Mexico City, Mexico) for detection of proteins.
Spectrophotometric assay of peroxidase
The enzyme activity for peroxidase was determined by measuring the H 2 O 2 -dependent oxidation of o-dianisidine spectrophotometrically at 490 nm. In brief, 1769 mL of 50 mmol/L sodium phosphate buffer and 30 mL of 0.04 mmol/L o-dianisidine were mixed with 200 mL of peritoneal fluid, and the background value was set at 0. After the addition of 1 mL of 30% H 2 O 2 to the mixture to start the reaction, the absorbance at 490 nm was recorded every 30 s for 9 min, using the kinetic spectrophotometer. Optical density units were converted into units of concentration, using the molar absorption coefficient for oxidized o-dianisidine (3 = 10 062 (mol/L Â cm) -1 ) (Xia and Zweier 1997) .
Data analysis
The data obtained from each experiment were expressed as mean ± SD, and the statistical difference between experimental groups was calculated using a one-way analysis of variance (ANOVA). If a significant difference in the main effect was identified (p < 0.05), the means of the respective groups were compared using the Bonferroni test. Differences between 2 means were analysed by the nonpaired Student's t test. All analyses were performed using the statistical program SigmaStat for Windows, version 2.03 (SPSS Inc.).
Results
Immunization with BCG or CFA prevented hepatic amoebiasis
Hamsters that were challenged intraperitoneally with E. histolytica trophozoites 7 days after i.p. administration of BCG or CFA showed no significant liver damage. In contrast, control hamsters treated with saline solution developed ALAs that were approximately 40% of the total hepatic mass (Fig. 1) . However, in hamsters challenged by the i.h. route, the size of the abscesses was similar to those of the untreated controls. The results show that bacterial components induced protective immunity against E. histolytica, which operated exclusively in the microenvironment of the peritoneum.
Amoebae were destroyed before the production of specific serum antibodies When CFA was administered to hamsters by the i.p. route, the amoebae inoculated by the same route disappeared 48 h postinoculation (Fig. 2) , before the production of specific antibodies. This effect was probably mediated by fast and nonspecific innate mechanisms that killed the amoebae and, consequently, prevented tissue damage.
Administration of nonbiologic and nonspecific stimulants (IFA or mineral oil) prevented hepatic amoebiasis
Seven days before challenge with E. histolytica trophozoites, hamsters were treated with nonbiological and nonspecific peritoneal stimulants, such as IFA or mineral oil, which elicit inflammatory exudates with numerous mononuclear phagocytes and neutrophils. Seven days after this challenge, animals were euthanized and no liver damage was found (100% protection). In contrast, untreated control hamsters presented ALAs that were approximately 40% of the total hepatic mass (Fig. 3) . Thus, inflammatory cells or their Fig. 1 . Protection of golden hamsters (Mesocricetus auratus) from amoebic liver abscess (ALA) by intraperitoneal (i.p.) treatment with bacillus Calmette-Guérin (BCG) and complete Freund's adjuvant (CFA). Hamsters inoculated with BCG or CFA 7 days after treatment were challenged with intrahepatic (i.h.) or i.p. trophozoites; 7 days later they were euthanized, and the size of the ALA was determined. Data are expressed as the mean ± SD of the percentage of the liver affected by abscesses. In hamsters inoculated with CFA or BCG and challenged by the i.p. route, ALAs were significantly smaller than in the control group (*, p < 0.001). In contrast, in hamsters challenged by the i.h. route, ALAs were similar in size to those of the control group. Fig. 2 . Amoebae were destroyed before the development of specific serum immunoglobulin (Ig)G antibodies. Golden hamsters (Mesocricetus auratus; n = 6) were administered 1 mL of complete Freund's adjuvant (CFA), and 7 days later were challenged with i.p. trophozoites. The peritoneal exudate cells (PECs) were obtained from hamsters euthanized at 6 h, 24 h, 48 h, 5 days, and 7 days. The number of trophozoites in PECs was counted using immunocytochemical analysis, and serum IgG antibodies were quantified by ELISA. Data are expressed as the mean ± SD of the number of trophozoites per 100 PECs and as the absorbance at 490 nm. Although trophozoites disappeared at 48 h postinoculation, the levels of IgG antibodies against Entamoeba histolytica increased significantly up to day 7.
products that lack specificity for amoebic antigens were able to prevent tissue damage inflicted by E. histolytica. When the i.p. administration of CFA, IFA, or mineral oil was done simultaneously with the administration of E. histolytca, ALAs were similar to those of the controls (data not shown), indicating that these compounds are not directly responsible for damage to trophozoites.
Transfer of immunity by cells and peritoneal supernatant
To characterize the mechanisms involved in the destruction of E. histolytica, we transferred PECs and cell-free supernatant from donor to recipient hamsters. Hamsters to which PECs were administered developed no amoebic lesions (Fig. 4) . The same effect occurred in hamsters that received only cell-free supernatant. These results suggest that PECs (macrophages, eosinophils, and polymorphonuclear cells) can participate in the destruction of E. histolytica trophozoites, either directly or through the secretion of soluble cytotoxic substances.
In vitro interaction of trophozoites of E. histolytica with peritoneal macrophages or the supernatant
To explore whether peritoneal macrophages play a role in the lysis of trophozoites, we analysed the cytotoxic effect of these cells from hamsters treated with mineral oil on E. histolytica trophozoites in vitro. The viability of trophozoites 1 and 2 h after incubation was not significantly affected, and was only slightly reduced at 3 h ( Fig. 5 ; p < 0.05), whereas the viability of the peritoneal macrophages was significantly reduced, beginning in the first hour of incubation (p < 0.001). We then examined the cytotoxic effect of the cellfree peritoneal supernatant on trophozoites of E. histolytica. The supernatant (500 mL) had a limited but significant amoebicidal effect, as evidenced by the fact that trophozoite viability was reduced by 20% after 3 h of interaction (Table 1, 
Amoebicidal activity of the components of the supernatant
The levels of nitrates and nitrites, which are the breakdown products of NO, in the peritoneal fluid were quantified to determine whether NO constitutes 1 of the molecules responsible for the observed death of the amoeba. In animals pretreated with mineral oil, the levels of nitrates and nitrites were significantly higher than those of the control group (0.146 ± 0.34 vs. 5.12 ± 2.5 mmol/L; p < 0.001), suggesting that NO could be an important factor. To test this hypothesis, trophozoites in a dialysis bag were introduced into the peritoneal cavity of hamsters that had been inoculated previously with mineral oil. Although high levels of nitrates and nitrites were detected inside the bags, there was no significant reduction in the viability of the trophozoites, compared Fig. 3 . Protection of hamsters from amoebic liver abscess (ALA) by intraperitoneal (i.p.) treatment with incomplete Freund's adjuvant (IFA) and mineral oil. Golden hamsters (Mesocricetus auratus) inoculated with IFA (1 mL) or mineral oil (3 mL) 7 days after treatment were challenged with i.p. trophozoites; 7 days later they were euthanized, and the size of ALAs was determined. Data are expressed as the mean ± SD of the percentage of the liver affected by abscesses. ALAs were not formed in hamsters inoculated with IFA or mineral oil (p < 0.001).
Fig. 4. Transfer of immunity to
Entamoeba histolytica by peritoneal exudate cell (PEC) and cell-free peritoneal supernatant. PECs or supernatant (Superna) from the peritoneal lavage fluid of golden hamsters (Mesocricetus auratus) treated with mineral oil were transferred into normal recipients (n = 6), which were immediately challenged with trophozoites, and euthanized on day 7. The size of amoebic liver abscesses (ALAs was then determined. Data are expressed as the mean ± SD of the percentage of the liver affected by abscesses. In hamsters given 4 Â 10 6 or 12 Â 10 6 PECs or supernatant and inoculated with amoebae, ALAs were significantly smaller than in the untransferred group. In the animals inoculated with mineral oil, the size of ALAs was similar to that of the recipient groups.
with the control group, ruling out the possibility that NO was responsible for the observed amoebicidal effect (Fig. 6) .
Purification of molecules with amoebicidal activity
To purify the molecules with possible amoebicidal activity, the peritoneal supernatant was concentrated 10 times by lyophilization, and then protein fractions were separated on a DEAE-Sepharose column eluted with a discontinuous gradient of phosphates (Fig. 7) . The amoebicidal activity in each fraction was evaluated by the trypan blue exclusion assay. The greatest antiamoebic activity was found in fractions II and III, which reduced the amoebic viability by 78% and 68%, respectively, in comparison with the control (Table 2) . The fractions eluted were subjected to SDS-PAGE under denaturing conditions. The fractions with the greatest amoebicidal activity contain proteins of 68 and 160 kDa (Fig. 7,  insert) . However, it is possible that other proteins of lower abundance were present with the 68 and 160 kDa proteins.
To further purify the molecules with amoebicidal activity, fraction II was concentrated by lyophilization, and protein fractions with different molecular masses were separated on a Sepharose CL-4B column eluted with PBS (Fig. 8) . The greatest antiamoebic activity was found in fraction II-2, which reduced the amoebic viability by 60% in comparison with the control (Table 3 ). The fractions eluted from the Sepharose CL-4B column were subjected to SDS-PAGE under denaturing conditions. Fraction II-2, with the greatest amoebicidal activity, contains a protein of 68 kDa (Fig. 8, insert) . The amoebicidal activity of fraction II-2 was heat labile (data not shown).
The protein of 68 kDa has the activity of peroxidase
Since the molecule with the greater antiamoebic activity has a molecular mass of 68 kDa, similar to that of the heavy chains of myeloperoxidase (60 kDa) and eosinophil peroxidase (55 kDa), we determined the peroxidase activity in the fractions obtained by chromatography. The activity of peroxidase was mainly found in fraction II-2, which contains the 68 kDa protein (Fig. 9) .
Discussion
The most important finding of this work is that nonspecific immune mechanisms were able to eliminate trophozoites of E. histolytica without the participation of antibodies or T cells specific for amoebic antigens.
In our initial experiment, we found a significant decrease in the size of ALAs in hamsters immunized with CFA or BCG and inoculated with trophozoites by the i.p. route, but not when trophozoites were inoculated directly into the liver parenchyma. According to the results of another study, the application of BCG does not induce resistance to E. histolytica when the trophozoites are inoculated by the i.p. route (Gold and Keisari 1990 ). The differences between the (Mac) were mixed, and cell viability was determined by trypan blue exclusion. Whereas the viability of Eh was slightly reduced only at 3 h (p < 0.05), the viability of Mac was significantly reduced from the first hour of interaction (p < 0.001). Eh alone and Mac alone represent the viability of Ehs and Macs incubated in Hanks balanced saline solution. Table 1 . Amoebicidal effect of peritoneal fluid.
Medium
Amoebic viability (%) p NaCl 78±6 Supernatant 100 mL 73±5 0.312 500 mL 61±3 <0.001* Note: Trophozoites were incubated for 3 h with different volumes of supernatant from the peritoneal lavage fluid, and the viability of trophozoites was determined by trypan blue exclusion assay. The data are expressed as the mean ± SD of triplicate experiments.
*Only 500 mL of supernatant reduced the number of amoebae, compared with the saline control (p < 0.001, Bonferroni test). Fig. 6 . Nitric oxide did not show amoebicidal activity. Trophozoites in a dialysis bag were introduced into the peritoneal cavity of golden hamsters (Mesocricetus auratus) previously injected with mineral oil. There was no reduction in the viability of the amoebae in relation to the control group injected with saline (p > 0.5), although the levels of nitrates and nitrates were significantly greater in the animals given mineral oil (*, p < 0.01).
2 studies could have resulted from the different treatment regimes or doses of BCG used. However, in the same study, resistance to E. histolytica was induced by treatment with glucan, an agent that stimulates a strong inflammatory response (Gold and Keisari 1990) . Although i.h. inoculation of trophozoites is a commonly used technique to cause ALA, we found only 1 previous study that employed it and used BCG as the immunostimulant (Ghadirian and Meerovitch 1982) . Those results show a significant reduction in the size of ALAs after challenge, which is contrary to the results of this study. These differences may have resulted from the higher doses of BCG used in the earlier study (2 mg vs. 0.5 mg).
The fact that BCG inoculated by the i.p. route only induced protection when amoebae were also inoculated by the same route suggests the participation of cells or molecules located in the inflamed peritoneum (e.g., macrophages or NO). Even though BCG inoculated by the i.p. route can activate Kupffer cells (McCuskey et al. 1983; Matsuo et al. 1985) , the cells have been shown to be incapable of eliminating amoebae that have invaded the liver, possibly because the cells are few in number or show enhanced susceptibility to the inhibitory effects of amoebic proteins (Wang and Chadee 1995) .
Although several studies have shown that activated macrophages are the main effector cell in the host defence against E. histolytica (Ghadirian and Meerovitch 1982; Ortiz-Ortiz et al. 1990; Denis and Ghadirian 1992; Lin and Chadee 1992) , the mechanism by which i.p. infection with BCG induces nonspecific resistance to E. histolytica has not been clearly defined. Following inoculation of BCG, peritoneal macrophages are probably activated by cytokines, especially interferon-g (IFN-g), produced by CD4+ T cells stimulated by mycobacterial antigens (Kaufmann 2001; van Crevel et al. 2002) . The absence of amoebic antigens precludes the possibility that macrophages were directly activated by T cells with specificity for amoebic antigens (Perez-Tamayo et al. 1986 ).
To analyze whether induced nonspecific inflammatory response is sufficient to prevent liver invasion by E. histolytica, we injected agents such as IFA or mineral oil. ALAs were not formed in hamsters inoculated with those agents and challenged with E. histolytica by the i.p. route, indicating 100% protection. It is probable that nonspecific stimulation of PECs, among which neutrophils and macrophages are the most abundant, prevented amoebic invasion of the liver. In animals injected with mineral oil, the inoculated trophozoites had almost completely disappeared 48 h postinoculation, at which time IgG antibodies specific to E. histo- Fig. 7 . Chromatography of peritoneal proteins on a DEAE-Sepharose column. Two millilitres of concentrated supernatant of the peritoneal exudate was applied to a column of DEAE-Sepharose (2.5 cm Â 48 cm), the flow rate was adjusted to 40 mL/h, and 2 mL fractions were collected and assayed for absorbance at 280 nm. Seven fractions were selected, and their amoebicidal effect was assayed by trypan blue exclusion assay. Insert: Fractions II, III, and IV, with the highest amoebicidal activity, were analysed by SDS-PAGE. Lane 1: molecular standards. Lanes II, III, and IV: fractions II, III, and IV, respectively. Note: Trophozoites were incubated with the fractions for 3 h, and their viability was quantified by the trypan blue exclusion assay. Data are mean ± SD. *The amoebic viability was significantly lower in trophozoites incubated with fractions II, III, and IV (p < 0.01, Bonferroni test). lytica had not yet been produced. This suggests that the elimination of amoebae depends on rapid nonspecific effector mechanisms. IFA and mineral oil may induce resistance to amoebic infection by a mechanism that involves a T cellindependent pathway of macrophage activation, similar to the model of infection by Listeria monocytogenes in athymic mice, lethally irradiated mice, and severe combined immunodeficiency mice (Cole 1975; Bancroft et al. 1991; Rogers et al. 1992) .
Because our previous results did not allow for a differentiation between the effects mediated by inflammatory cells and those mediated by soluble factors, we did passive transfer experiments with PECs and peritoneal supernatant. The results showed that the destruction of E. histolytica trophozoites resulted from the activity of the PECs and soluble cytotoxic substances. Therefore, we decided to test the in vitro effect of each of these agents separately.
The viability of trophozoites was lightly but significantly affected by peritoneal macrophages only at 3h of incubation. These results confirm previous reports that showed that activated neutrophils and macrophages are directly involved in the killing of E. histolytica trophozoites, through a contactdependent process (Denis and Chadee 1989b; Lin and Chadee 1992; Ghadirian and Salimi 1993; Salata et al. 1985) . However, the viability of peritoneal macrophages was significantly affected, starting at the first hour of incubation. These results are in agreement with previous studies showing that E. histolytica kills host cells through contact-dependent mechanisms (Guerrant et al. 1981; Ravdin et al. 1985; Salata et al. 1985) . In summary, the principal cytotoxic activity is related to the trophozoites, although the macrophages had a certain cytotoxic effect. 8 . Chromatography of fraction II on a Sepharose 4B-CL column. Two millilitres of fraction II obtained from the DEAE-Sepharose column was applied to a Sepharose 4B-CL column, the flow rate was adjusted to 1 mL/min, and 1 mL fractions were collected and assayed for absorbance at 280 nm. Two fractions were selected, and their amoebicidal effect was assayed by trypan blue exclusion assay. Insert: Fraction II-2, with the highest amoebicidal activity, was analysed by SDS-PAGE. Lane 1, molecular standards; lane 2, fraction II-2. However, cell-free supernatant reduced amoebic viability significantly, indicating that soluble molecules have amoebicidal properties in vitro. The specific cytotoxic molecules responsible for the amoebicidal effect are unclear. Previous in vitro studies have shown that the amoebicidal activity of activated macrophages depends mainly on the synthesis of NO (Lin and Chadee 1992; Lin et al. 1994) , and that inducible NO synthase activity is important for the control of hepatic amoebiasis in immunocompetent mice (Seydel et al. 2000) . This suggests that the amoebicidal mechanisms may be dependent on ROI and RNI. In support of this hypothesis, we found that the level of NO production in the peritoneal cavity of animals inoculated with mineral oil, measured as the levels of nitrates and nitrites, was significantly higher than that of untreated controls. However, trophozoites maintained inside dialysis bags that were permeable to NO and other low-molecular-mass molecules (<10 kDa) were not destroyed when placed in the peritoneum of hamsters treated with mineral oil. These results suggest that NO, other RNI and ROI, and microbicidal peptides of low molecular mass (Oppenheim et al. 2003; Brogden 2005) probably did not participate in the destruction of amoebae, which has been suggested by other studies (Pacheco-Yepez et al. 2001; Ramirez-Emiliano et al. 2005) . However, since it took about 36-48 h to see substantial killing of trophozoites (Fig. 2) , 4 h may not be long enough for NO, or other small molecules, to induce measurable cell death. Consequently, the role of NO in the innate immune response to E. histolytica cannot be excluded on the basis of this set of experiments.
To continue our search for the molecules responsible for the killing of amoebae, the proteins in the peritoneal supernatant were purified by chromatography on DEAE-Sepharose and in Sepharose Cl-4B, and analysed by SDS-PAGE. A protein with a molecular mass of 68 kDa showed significant amoebicidal and peroxidase activity in vitro. Such activity was shown to be heat labile, indicating that it is indeed a protein that is responsible for this activity. This protein likely corresponds to myeloperoxidase produced by monocytes and neutrophils, or to peroxidase produced by eosinophils. It is known that monocytes, neutrophils, and eosinophils utilize a peroxidase enzyme, in combination with H 2 0 2 derived from the respiratory burst, and a halide to produce cytocidal hypohalous acid oxidants (Thomas and Fishman 1986; Klebanoff 2005; Hansson et al. 2006; Wang et al. 2006) . Hydrogen peroxide and hypochlorite can oxidize and halogenate essential structural and functional components in E. histolytica trophozoites, causing inhibition of their growth and loss of amoebic viability (Murray et al. 1981; Ghadirian et al. 1986; Denis and Chadee 1989a) .
In summary, we found that the induced innate response was sufficient to prevent tissue invasion by E. histolytica and, consequently, adaptive immunity was not a relevant mechanism of protection in our animal model of amoebiasis. The amoebicidal activity was mediated by peritoneal macrophages and a protein of 68 kDa. This protein had peroxidase activity and, therefore, probably kills the trophozoites by producing hypohalous acid oxidants.
